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(§7) An estradiol derivative-alkylating agent conjugate of formula (I*) : 

C>-(CH2)m Alkylating agent residue 
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wherein each R 1 is independently C^_ A alkoxy ; R 2 is acyl or benzyl ; m is an integer of 1 to 3 ; and n is 
an integer of 0 to 3. 
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The present invention relates to a novel estradiol derivative-al ky latin g agent conjugate with reduced hor- 
monal activity, a process for preparing the conjugate, compounds useful for the preparation of the conjugate, 
and a growth inhibiting composition containing the conjugate or estradiol derivative. 

Among the conventional alkylating agents, although having a strong antitumor activity, there are many 

5 agents which fail to display their full medicinal effects. The primary reason is their limited dosage due to their 
undesirable side effects in medicinal use. A solution to this problem is to combine the alkylating agent with a 
earner having a specific affinity for the site of tumor to form an alkylating agent-carrier conjugate. It is intended 
to let the alkylating agent accumulate specifically at the site of tumor so that the agent will exhibit its antitumor 
activity effectively while suppressing the occurrence of the undesirable side effects. 

10 Based on this conception, a proposal has been made on preparation of an estradiol-chlorambucil conjugate 

using estradiol as carrier and an antitumor agent containing the conjugate as principal constituent (Japanese 
Patent Publication (KOKOKU) No. 58-10397 (1983)). This antitumor agent specifically accumulates at the site 
of tumor and exhibits a strong antitumor activity. Further, it gives almost no significant influence to the normal 
cells. 

15 However, an antitumor agent is usually required to be administered over a long period of time, so that even 

a slight side effect which is quite insignificant in short-term administration may give rise to a serious problem 
in long-time administration of the such agent. Especially, accumulation of the slight side effect may be remark- 
able as the physical strength of the cancer patient is usually weakened. 



In the case of the estradiol-chlorambucil conjugate, in long-time administration thereof, there is observed 



20 in some cases development of the same symptoms as seen in administration of estrogen. 

The studies by the present inventors have disclosed that development of such symptoms is due to the ac- 
tion of estrogen which is released in small quantities from the estradiol-chlorambucil conjugate in the patient's 
body. It is thus considered that in long-time administration of this conjugate, estrogen released in small quan- 
tities therefrom is accumulated in some cases to such an extent as to induce its side effects. 

25 Further, the present inventors have found that when a specific substitutent, for example methyl group, is 

introduced into the estradiol ring, the estrogen action is remarkably diminished without impairing the selective 
physiological activity (growth-inhibiting action) which is inherently possessed by the estradiol-alkylating agent. 
It was also found that estradiol derivatives usable for the preparation of the conjugate are very low in estrogen 
action although they have a growth inhibiting activity. The present invention has been attained on the basis 

30 of these findings. 

An object of the present invention is to provide a novel estradiol-alkylating agent conjugate which, while 
maintaining its original selective physiological activity, is reduced in estrogen action and of very high utility. 

Another object of the present invention is to provide a process for preparing the conjugate, and estradiol 
derivatives useful for the preparation of the conjugate. 
35 Still another object of the present invention is to provide a growth inhibiting agent containing the conjugate 

or the estradiol derivative, which agent is reduced in estrogen action. 

In a first aspect of the present invention, there is provided an estradiol derivative-al kylating agent conjugate 
of the formula (I'): 



wherein R 1 is alky I or alkoxy; R 2 is acyl or benzyl; m is an integer of 1 to 3; and n is an integer of 0 to 
50 3. 

In a second aspect of the present invention, there is provided a process for preparing the preferred con- 
jugate, which comprises reacting an estradiol derivative of the formula (II): 



40 




O— (CH 2 tur A1 kylating agent residue 



45 



(I') 



55 



2 
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p-<CH 2 t!aX 



(ID 



wherein R 1 is C,^ alkyi or alkoxy; R 2 is acyl or benzyl; m is an integer of 1 to 3; n is an integer of 0 to 3; 
10 and X is hydroxy or halogen; with a compound of the formula (III): 



15 



20 



25 



R -TCH 2 



^CH 2 CH 2 X 
'CH 2 CH 2 X 



(III) 



wherein R 4 is carboxy, hydroxy or a salt thereof, halogen, ester group, acid chloride group, acid anhydride group 
or methyl halide group; and X is halogen or hydroxy. 

In a third aspect of the present invention, there is provided an estradiol derivative of the formula (II): 



P-(CH2tm X 




(R 1 ) ri- 



al) 



wherein R 1 is C t ^ alkyl or alkoxy; R 2 is acyl or benzyl; m is an integer of 1 to 3; n is an integer of 0 to 3; 
30 and X is hydroxy or halogen. 

In a fourth aspect of the present invention, there is provided a growth inhibiting composition containing an 
effective amount of the estradiol derivative-alkylating agent conjugate as defined in the first aspect, and a dilu- 
ent. 

In a fifth aspect of the present invention, there is provided a growth inhibiting composition containing an 
35 effective amount of an estradiol derivative of the formula (II): 



40 




p-iCH^ X 



(II) 



45 



50 



55 



wherein R 1 is alkyl or alkoxy; R 2 is acyl or benzyl; m is an integer of 1 to 3; n is an integer of 0 to 3; 
and X is hydroxy or halogen, and a diluent. 

The conjugate of the present invention has the structure represented by the formula (I). In the formula, 
R 1 is preferably C w alkyl or alkoxy, more preferably methyl, and exists at the 1- or 4-position or at both 
of these positions. Preferably, R 2 is benzoyl or benzyl. Preferably, m is 2 and n is an integer of 0 to 2. More 
preferably, n is 1 and R 1 is methyl at the 1 -position. 

At the 3-position of the estradiol derivative moiety, hydrogen of the hydroxy is substituted with acyl or ben- 
zyl. Acyi may be C U2 s acyl, for instance, benzoyl, acetyl, palmitoyl, stearoyl, linoleoyl or the like. Of these 
groups, benzoyl is preferred. The configuration at the 17-position of the estradiol derivative moiety may be 0, 
a, or a mixture thereof, but p is preferred. 

The alkylating agents usable in the present invention include chlorambucil, nitrogen mustard, melphalan 
and derivatives thereof including derivatives which have other halogen instead of chlorine. Preferably, the al- 
kylating agent is chlorambucil and a derivative thereof which has other halogen instead of chlorine. The alky- 
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lating agent is bound to an estradiol derivative at a site where the antitumor activity is not impaired by the bind- 
ing. Binding between alkylating agent and estradiol -derivative may be effected through the medium of an ap- 
propriate spacer. 

The preferred conjugate is represented by the formula (I): 



10 




15 wherein R 1 , R 2 , m and n are as defined above, R 3 is carbonyl or methylene, and X is hydroxy or halogen. 
Halogen is usually chlorine, bromine or iodine. 

The conjugate of the present invention may be prepared, for instance, according to the following process. 
First, a synthesis example of an estradiol derivative of the formula (II) is shown in Scheme 1. 



25 



30 



35 



40 



45 



50 



55 
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Scheme 1 

O O 




(VIII) (II-B) 



The scheme is briefly described below, referring to each of the steps (a) to (g). 
Step (a) 

A compound of the formula (VI) (which can be prepared according to D.J. Crispin: J. Chem. Soc. (c), 
10, 1970, etc.) is reacted with benzyl halide in the presence of sodium hydride at room temperature to form 
a compound of the formula (V). 
Step (b) 

The compound of the formula (V) is reacted with a C,_ 3 straight-chain alkylene glycol in the presence 
of p-toluenesulfonic acid at 80 to 140°C to form a compound of the formula (IV). 
Step (c) 

The compound of the formula (IV) is treated with lithium aluminum hydride in the presence of aluminum 
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chloride at 30 to 70°C to form a compound of the formula (ll-A). 
Step (d) 

The compound of the formula (ll-A) is reacted with tetrahydropyran (THP) at 4 to 60°C to form a com- 
pound of the formula (X). 
5 Step (e) 

The compound of the formula (X) is debenzylated by treating it with Pd/C in H 2 gas at 0 to 30°C to 
obtain a compound of the formula (IX). 
Step(f) 

The compound of the formula (IX) is reacted with an acyl halide at 1 0 to 30°C to form a compound of 
10 the formula (VIII). 

Step (g) 

The compound of the formula (VIII) is detetrahydropyranated to give a compound of the formula (II- 

B). 

The compound of the formula (II) may be converted to a salt or halide thereof. A halide can be obtained 
15 by treating a compound of the formula (II) wherein X is OH, with p-toluenesulfonyl chloride and sodium halide 
or the like. A salt can be obtained by the conventional method. 

In the estradiol derivatives of the formula (II), preferably R 1 is C^ 2 a'kyl or C1-2 alkoxy, R 2 is benzoyl or 
benzyl, m is 2 and n is an integer of 0 to 2. Most preferably, R 1 is methyl and exists at the 1- and/or 4- posit ion, 
especially at the 1-position. 
20 Then, the estradiol derivative is combined with the desired alkylating agent. 

In case that the alkylating agent is chlorambucil or a derivative thereof, the estradiol derivative of the for- 
mula (II) is reacted with a compound of the formula (III): 



25 



4 / \ .CH 2 CH 2 X 



/=v ^ 



R ~CCH 2 TT<\ (HI) 
CH2CH2X 



where R 4 is carboxy, hydroxy or a salt thereof, halogen, ester group, acid chloride group, acid anhydride group 
30 or methyl halide group; and X is halogen or hydroxy, to form a conjugate of the formula (I). The reaction can 
be carried out in an organic solvent such as dichloromethane, dioxane, dimethyl sulfoxide, dimethylformamide, 
pyridine, benzene, acetone, toluene, carbon tetrachloride, chloroform, tetrahydrofuran or the like. An alkali sol- 
ution, sodium hydride, thionyt chloride and the like may be added as desired. The reaction may be performed 
at -30 to 150°C, preferably -1 0 to 100°C, for 3 minutes to 48 hours, preferably 5 minutes to 24 hours. The re- 
35 action product is purified by a usual method to give the conjugate of the present invention. 

The conjugate of the formula (I) in which the 3-position of the estradiol is benzyloxy is debenzylated by 
treating it with Pd/C in the presence of H 2 and then further reacted with an acid chloride or acid anhydride cor- 
responding to the objective acyt to provide the conjugate of the present invention in which the 3-position of 
the estradiol is acyloxy. 

40 Known methods such as extraction, chromatography, crystallization, reprecipitation, etc., can be applied 

for purification of the reaction product. 

The toxicity and pharmacological actions, as determined by the following methods, of the conjugate and 
the estradiol derivative of the present invention are described below. 

(1) Toxicity 

45 The conjugate and the estradiol derivative were each administered intraperitoneally to the ICR mice 

at a dose of 100 mg/kg and the test mice were placed under observation for one week. As a result, no 
death was observed. 

(2) Estrogen action (uterine weight tests) 

The estrogen action of the conjugate and the estradiol derivative were each examined according to 
50 the uterine weight tests. The estrogen action was found diminished. 

(3) Growth inhibiting effect (IC 50 ) in testosterone-added system using breast cancer cells (SC-115) 

Uptake of tritium-labeled thymidine was examined in a serum free culture system using testosterone- 
dependent SC-115 cells. Strong inhibitory effects of the conjugate and the estradiol derivatives were 
shown. 

55 (4) Growth inhibiting effect (IC 50 ) in bFGF-added system using prostatic cancer cells (DC- 145) 

Uptake of tritium-labeled thymidine was examined in a serum free culture system using bFGF- 
dependent DU-145 cells. Strong inhibitory effects of the conjugate and the estradiol derivative were 
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shown. 

The conjugate of the formula (I) and the estradiol derivatives of the formula (II) are excessively weakened 
in estrogen action and low in toxicity and also have a growth inhibiting action, so that they are useful as a growth 
inhibiting agent. The substances also show a growth inhibiting action against tumor cells, so that they can be 

5 applied as an antitumor agent They are effective against various types of cancers such as breast cancer, ovar- 
ian cancer, uterine cancer, prostatic cancer, stomach cancer, rectal cancer, colonic cancer, renal cancer, cancer 
of hematopoietic organ, liver cancer, cancer of urinary organ, and other solid cancers. The conjugate and the 
estradiol derivative also have an inhibiting action against prostatic hypertrophy and are therefore useful as an 
anti-prostatic hypertrophy agent. 

10 For use of the conjugate and the estradiol derivative as a growth inhibiting agent, it can be prepared into 

various forms suited for the ways of administration in combination with a diluent (carrier) according to the known 
methods. In case of preparation of a pharmaceutical composition, a pharmaceutical^ acceptable diluent is 
used. The forms of composition include capsule, syrup, oral preparations such as pills and tablets, injections, 
external preparations, suppository, etc. The external preparations include solid agents containing a percuta- 

15 neous penetration auxiliary such as lauric acid diethanol amide in an ordinary base such as white vaseline. 

In the composition, the conjugate and the estradiol derivative each may be contained in an amount of pre- 
ferably 0.01 to 75% by weight, more preferably 0.05 to 25% by weight The conjugate and the estradiol deriv- 
ative can be administered through various routes such as peroral, percutaneous, intramuscular, intravenous, 
intraarterial, intrarectal, etc. The dosage is variable depending on the way of administration and the degree 

20 of treatment, but generally it is 0.1 to 50 mg/kg per day in the case of peroral administration and 0.01 to 20 
mg/kg per day in the case of parenteral administration, both for adults. 

The estradiol derivative moiety in the conjugate of the present invention has an ether linkage at the 17- 
position in addition to a substitutent at the 3- position of the A ring. This structure is considered to lend itself 
to excessive diminution of the estrogen action while allowing maintenance of the growth inhibiting action which 

25 is inherently possessed by the estradiol-alkylating agent conjugate, thus remarkably enhancing the utility of 
the conjugate as a growth inhibiting agent. 

EXAMPLES 

30 The following examples further illustrate the present invention. These examples are merely intended to 

be illustrative and not to be taken as limiting the scope of the invention. "%" is by weight, unless otherwise 
noted. The properties of the compounds were determined by using the following material or apparatus. 

(1) Thin layer chromatography (silica gel): Merck's Kieselgel 60 F254 

(2) Elemental analysis: Yanagimoto C.H.N. Coder MT-3 (Yanagimoto Ltd.) 

35 (3) Mass spectrometry: Mass Spectrometer JMS-DX 303 (Nippon Denshi KK) 

(4) NMR (CDCI3): JNM-GSX-500 (Nippon Denshi KK) 

(5) Infrared absorption spectrometry: Infrared Spectrophotometer A-202 (Nippon Bunko KK) 
Example 1 

40 

Synthesis of 3-benzyloxy-1, 3,5(1 0)-estratriene-17-one (V-1) 
3-Hydroxy-1 ,3,5(1 0)-estratriene-17-one (VI-1) (2.70 g), distilled tetrahydrofuran (THF) (20 ml) and dime- 
thylformamide (DMF) (4 ml) were mixed and dissolved in an eggplant type flask (300 ml). To this solution were 
added sodium hydride (0.24 g) and benzyl bromide (1.88 g), and the mixture was stirred overnight at room 
45 temperature. Distilled water was added to the reaction solution, and the solution was extracted with ethyl acet- 
ate (100 ml), followed by additional extraction with ethyl acetate (50 ml). The organic layers were washed with 
distilled water and a saturated saline solution. The washings were dried over anhydrous sodium sulfate and 
concentrated under reduced pressure to give the objective compound (V-1) (3.48 g) as crystals. 
Yield: 96.5% 



Elemental analysis, calcd. for 


^25^2802- 






Found: 


C, 82.65; 


H, 7.82. 


Calcd.: 


C, 83.29; 


H t 7.83. 



Melting point: 129.2-130.8°C 
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1 H-NMR (CDCI 3 . Sppm) : 0.91 (s, 3H), 1.39-1.66 (m, 8H), 1.94-2.08 (m, 3H), 2.12-2.17 (m, 1H), 2.25 (m, 
1H), 2.37 (m, 1H), 2.49 (m t 1H), 2.89 (m, 2H), 5.04 (s, 2H), 6.73 (s, 1H), 6.79 (dd, 1H), 7.20 (d. 1H), 7.31 (t, 
1H), 7.38 (t, 2H), 7.42 (d, 2H). 

IR (KBr, vmax): 3460 m, 3080 m, 3050 m, 2940 s, 2980 s, 1738 s, 1605 s, 1580 m, 1510 s. 
5 Rf: 0.46 (hexane/ethyl acetate = 2:1) 

Example 2 

Synthesis of 3-benzyloxy-1,3,5(10)-estratriene-17-cydoethylene ketal (IV-1) 
10 Benzene was added to 3-benzyloxy-1,3,5(10)-estratriene-17-one (V-1) (0.11 g), ethylene glycol (0.23 g) 

and p-toluenesulfonlc acid (0.6 mg). This mixture was azeotropically boiled at 120°C by a Dean-Stark appa- 
ratus and stirred overnight. An excess amount of triethylamine was added to the reaction solution to neutralize, 
and the mixed solution was concentrated under reduced pressure and extracted with ethyl acetate (50 ml). 
The organic layer was washed with distilled water, dried over anhydrous sodium sulfate and concentrated under 
15 reduced pressure to produce the crystals (0.14 g). These crystals were purified by silica gel chromatography 
(hexane/ethyl acetate = 4:1) to give the objective compound (IV-1) (0.11 g) as white crystals. 
Yield: 94.0%. 



Elemental analysis, calcd. for 


C27H32O3: 






Found: 


C, 79.81; 


H, 7.96. 


Calcd.: 


C, 80.16; 


H, 7.97. 



Melting point: 124.5-125.5°C. 

1 H-NMR (CDCI3, 6 ppm): 0.88 (s, 3H), 1.32-1.57 (m, 6H), 1.64 (m, 1H), 1.74-1.91 (m, 4H), 2.03 (m, 1H), 
2.24 (m, 1H), 2.31 (m, 1H), 2.84 (m, 2H), 5.03 (s, 2H), 3.87-3.98 (m, 4H), 6.71 (s, 1H), 6.77 (dd, 1H), 7.20 (d, 
1H), 7.30 (m, 1H), 7.37 (t, 2H), 7.42 (d, 2H). 

IR (KBr, v max): 3460 m, 3100 m, 3070 m, 3020 s, 2950 s, 2910 s, 2850 s, 1610 s, 1590 m: 

Rf: 0.56 (hexane/ethyl acetate = 2:1) 

Example 3 

Synthesis of 2-[3- benzyl oxy- 1,3, 5(1 0)-estratriene- 17 p-oxy]ethanol (11-1) 
Aluminum chloride (14.9 mmol) and anhydrous ether (4 ml) were placed into an eggplant type flask (100 
ml) at 0°C t and the solution was stirred for 30 minutes. To this solution was added a suspension of lithium alu- 
minum hydride (3.6 mmol) and anhydrous ether (4 ml), and the mixture was stirred for additional 30 minutes. 
To this solution was added an anhydrous ether (20 ml) solution of 3-benzyloxy-1,3,5(10)-estratriene-17-cyclo- 
ethylene ketal (IV-1) (3.6 mmol), and the mixed solution was refluxed under heating at about 50°C for 3 hours, 
followed by addition of distilled water at 0°C. This solution was transferred into an eggplant type flask (500 
ml) and the solute was extracted with diethyl ether (200 ml). The organic layer was dried over anhydrous sodium 
sulfate and concentrated under reduced pressure to produce the crystals (1 .34 g). These crystals were washed 
with hexane to give the objective compound (11-1) (1.20 g) as white crystals. 

Yield: 81.0%. 



Elemental analysis, calcd. for 


C27H32O3: 






Found: 


C, 79.43; 


H, 8.43. 


Calcd.: 


C, 79.77; 


H, 8.43. 



Melting point: 82.8-84.3°C. 

1 H-NMR(CDCI 3 , 6 ppm): 0.80 (s, 3H), 1.20 (m, 1H), 1.30-1.57 (m, 7H), 1.68 (m, 1H), 1.68 (m, 1H), 2.01- 
2.07 (m, 5H), 2.23 (m, 1H), 2.83 (m, 2H), 3.43 (t, 1H), 3.56 (m, 1H), 3.61 (m, 1H), 3.70 (m, 2H), 5.02 (s, 2H), 
6.70 (s, 1H), 6.77 (dd, 1H), 7.19 (d, 1H), 7.30 (m, 1H), 7.37 (t, 2H), 7.42 (d, 2H). 

IR (KBr, v max): 3460 s, 3100 m, 3260 m, 2950 s, 2900 s, 1610 s, 1590 m, 1515 s. 

Rf: 0.22 (hexane/ethyl acetate = 2:1) 
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Example 4 

Synthesis of 2-[3-benzoyloxy-1, 3,5(1 0)-estratriene-1 -methyl- 17p-oxy]ethanol (II-3) 
2-[3-benzyloxy-1 ,3,5(1 0)-estratriene-1-methyl-17p-oxy]ethanol (II-2) (m.p.: 1 03.5-1 04.5°C) (2.31 g) pro- 

5 duced according to the process of Example 3 and dichloromethane (15 ml) were placed and dissolved in an 
eggplant type flask (100 ml). To this solution were added dihydropyran (924 mg) and pyridinium p-toluenesul- 
fonate (PPTS) (1 38 mg), and the mixture was stirred overnight at room temperature. The reaction solution was 
distilled, and the residue was dissolved in ethyl acetate (50 ml), washed twice with water (15 ml) and further 
washed with a saturated saline solution (15 ml). The washings were dried over Na 2 S0 4 , filtered and distilled 

10 to form an oily substance (3.19 g). This substance was purified by silica gel chromatography (hexane/ethyl 
acetate = 5:1) to give a purified product (2.42 g). The progress of the reaction was confirmed by TLC check. 
The purified product was dissolved in dioxane (238 ml) and 10% Pd/C was added to the solution. This solution 
was treated with H 2 gas at room temperature for 5 hours to obtain a debenzyiated compound (1.77 g). This 
compound was dissolved in dry dichloromethane (30 ml), followed by addition of pyridine (8.5 ml) and benzoyl 

15 chloride (596.0 ml), and the mixed solution was stirred overnight at room temperature. The stirred solution was 
distilled and the residue was dissolved in ethyl acetate (60 ml), washed twice with water (20 ml) and further 
washed with a saturated saline solution (20 ml). The washings were distilled and the residue was crystallized. 
The crystallized product was filtered out, collected and washed with hexane (3 ml) to produce a benzoyl com- 
pound (1 .53 g). This compound was dissolved in ethanol (85 ml) and PPTS (1 .24 g), and the solution was stirred 

20 at 40°C for 2 hours and distilled. The residue was dissolved in ethyl acetate (100 ml) and washed with water 
(30 ml) and a hydrochloric acid solution (1N, 30 ml). The organic layer was dried over Na 2 S0 4 , filtered and 
distilled. The residue was crystallized, again dissolved in ethyl acetate/hexane (1:3) (50 ml) and recrystallized. 
The produced crystals were filtered out, washed with hexane (20 ml) and dried in vacuo to give the objective 
compound (II-3) (1 .07 g) as white needle crystals. 

25 Melting point: 185-187°C. 

'H-NMR (CDC1 3 , 5 ppm): 0.80 (s, 3H), 1.24 (m, 2H), 1.37 (m, 2H), 1.45 (m, 2H), 1.67 (m, 1H), 1.80 (m, 
2H), 2.00 (m, 1H), 2.23 (s, 3H), 2.37 (t, 1H), 2.65 (m, 2H), 2.72 (m, 1H), 3.35 (t, 1H), 3.50 (m, 2H), 3.64 (m, 
2H), 6.84 (d, 1H), 7.04 (d, 1H), 7.51 (m, 2H), 7.64 (m, 1H), 8.18 (m. 2H). 

IR (KBr, v max): 3500 br, 2950 m, 2880 m, 1735 s, 1600 w, 1580 w, 1450 m, 1380 w, 1340 w, 1320 w, 

30 1265 s, 1220 s, 1160 m, 1100 m, 1085 s. 

Mass spectrum (m/e): 434 (M + ), 416, 312, 268, 251, 227. 

Example 5 

35 Synthesis of 1-[3-benzyloxy-1,3,5(10)-estratriene-17p-oxy]-2-[4-[p-[bis(2-chloroethyl)amino]phe- 

nyl]butoxy]ethane (1-1) 

2-[3-benzyloxy-1 ,3,5(1 0)-estratriene-170-oxy]ethanol (11-1 ) (61 mg) and distilled DMF (0.5 ml) were placed 
and dissolved in an eggplant type flask (200 ml). To this solution was added sodium hydride (5 mg) at 0°C, 
followed by further addition of 4-[p-[bis(2-chloroethyl)amino]phenyl}-iodobutane (Rf = 0.64, phosphomolybdic 

40 acid reagent) (90 mg) at 0°C, and the mixture was stirred for 3 hours. Distilled water was added to the reaction 
solution, and the solution was extracted twice with ethyl acetate (50 ml). The organic layers were washed with 
a saturated saline solution (50 ml), and the washings were dried over anhydrous sodium sulfate and concen- 
trated under reduced pressure to give an oily substance (0.19 g). This oily substance was purified by silica 
gel chromatography (hexane/ethyl acetate = 6:1) to give the objective compound (1-1) (56.1 mg) as an oily sub- 

45 stance. 

Yield: 55.1%. 

1 H-NMR (CDCI3, 6 ppm): 0.79 (s, 3H), 1.19 (m, 1H), 1.29-1.58 (m. 10H), 1 .63 (m, 4H), 1.86 (m, 1H), 2.03 
(m, 2H), 2.15 (m, 1H), 2.25 (m, 1H), 2.54 (t, 2H), 2.83 (m, 2H), 3.43 (t, 1H), 3.50 (t, 2H), 3.55 (t, 2H), 3.59 (s, 
5H), 3.66 (m, 5H), 5.03 (s, 2H), 6.61 (d f 2H), 6.70 (d, 1H), 6.77 (dd, 1H), 7.06 (d, 2H), 7.18 (d, 1H), 7.31 (t, 1H), 
50 7.37 (t, 2H), 7.42 (d, 2H). 

IR (KBr, v max): 2950 s, 2870 s, 1638 s, 1575 m, 1525 s, 1510 s, 1455 m. 

Rf: 0.58 (hexane/ethyl acetate = 2:1). 

Example 6 

55 

Synthesis of 1-[3-benzoyloxy-1 ,3,5(1 0)-estratriene-1 7p-oxy]-2-[4-[p-[bis(2-chloroethyi)amino]phe- 
nyl]butoxy]ethane (I-2) 

10% palladium on carbon (83.1 mg) was added at 0°C into an eggplant type flask (100 ml), followed by 
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piecemeal addition of 1,4-dioxane (3 ml). To this solution was placed a 1,4-dloxane (5 ml) solution of 1-[3-ben- 
zyloxy-1,3,5(10)-estratriene-17p-oxy]-2-[4-[r>|bis(^ (1-1) (0.11 g) 

piecemeal at 0°C. The mixture was heated to room temperature and stirred under hydrogen gas for 2 hours. 
This reaction mixture was filtered through filter paper while washing with 1 ,4-dioxane, and the filtrate was con- 

5 cent rated under reduced pressure to produce an oily substance (92.7 mg). This oily substance was dissolved 
in dichloromethane (0.5 ml), followed by addition of pyridine (0.3 ml) and benzoyl chloride (0.02 ml) at 0°C, 
and stirred overnight at room temperature. The reaction solution was extracted with ethyl acetate (50 ml) and 
the extract was washed with a saturated saline solution. The washings were dried over anhydrous sodium sul- 
fate and concentrated under reduced pressure to produce an oily substance (116.7 mg). It was purified by silica 

10 gel chromatography (hexane/ethyi acetate = 4:1) to give the objective compound (I-2) (74.1 mg) as white crys- 
tals. 

Melting point: 96.8-98.7°C. 
Mass spectrum (m/e): 705 (M + ) 
Rf: 0.54 (hexane/ethyl acetate = 2:1) 
15 In the same way, 1-[3-benzoyloxy-1 ,3,5(1 0)-estratriene-1 -methyl -1 7p-oxy]-2-[4-[p-[bis(2- hydroxye- 

thyl)amino]phenyi]butoxy]ethane (I-3) was synthesized. 
Rf: 0.36 (n-hexane/ethyl acetate = 2:1) 
Mass spectrum (m/e): 705 (M + ), 656, 371, 224, 105. 

Rl: 2095 w, 2950 s, 2880 s, 1740 s, 1622 s, 1525 s, 1460 s, 1396 m, 1360 s. 
20 There was also similarly synthesized 1-[3-benzoyloxy-1,3,5(10)-estratriene-17p-oxy]-2-[4-[bis(2-hydrox- 

yethyl)-amino]-phenyi]butoxy]ethane (I-4). 

Example 7 

25 Synthesis of 1-[3-benzyioxy-1 ,3,5(1 0)-estratriene-17p-oxy]-2-[4-[p-[bis(2-chloroethyl)amino]phenyl]- 

butyryioxy]ethane (I-5) 

2-[3-benzyloxy-1 ,3,5(1 0)-estratriene-17p-oxy]ethanol (11-1) and dichloromethane (5 ml) were placed and 
dissolved in an eggplant type flask (300 ml), followed by addition of pyridine (95 ml) at 0°C. To this solution, 
chlorambucil (0.3 g) and excess thionyl chloride were added dropwise and stirred at room temperature for about 

30 5 minutes. Benzene was added to this reaction solution, and the solution was concentrated under reduced pres- 
sure three times. To the residue was added a small quantity of dichloromethane while washing therewith at 
0°C, and the mixture was stirred overnight. The reaction mixture was poured into cold water, and the mixture 
was extracted twice with diethyl ether (50 ml). The organic layers were dried over anhydrous sodium sulfate 
and concentrated under reduced pressure to produce an oily substance (0.72 g). It was purified by silica gel 

35 chromatography (hexane/ethyl acetate = 4:1) to give the objective compound (I-5) (0.49 g). 
Yield: 71.1%. 

1 H-NMR (CDCI 3 , 5 ppm): 0.78 (s, 3H), 1.18 (m, 1H), 1.29-1.58 (m, 6H), 1.67 (m, 1H), 1.87 (m, 1H), 1.92 
(d, 2H), 2.18 (m, 1H), 2.25 (m, 1H), 2.35 (t, 2H), 2.5 (t, 2H), 2.84 (m, 2H), 3.42 (t, 1H), 3.60 (m, 5H), 3.67 (m, 
5H), 4.21 (t, 2H), 5.03 (s, 2H), 6.64 (d, 2H), 6.71 (s, 1H), 6.77 (dd, 1H), 7.07 (d, 1H), 7.18 (d, 1H), 7.31 (t, 1H), 
40 7.37 (t, 2H), 7.42 (d, 2H). 

IR (KBr, v max): 3460 m, 3080 m, 3050 m, 2940 s, 2980 s, 1738 s, 1605 s, 1580 m, 1510 s. 
Rf: 0.54 (hexane/ethyl acetate = 2:1) 
Mass spectrum (m/e): 691 (M + ), 637. 

45 Example 8 

Synthesis of 1 -[3-benzoyloxy-1 ,3,5(1 0)-estratriene-1 7p-oxy]-2-[4-[p-[bis(2-chloroethyl)amino]phe- 
nyl]butyryloxy]ethane (1-6) 

10% palladium on carbon (320.7 mg) was placed into an eggplant type flask (100 ml), followed by dropwise 
50 addition of 1,4-dioxane (15 ml) at 0°C. To this mixture was added a 1,4-dioxane (15 ml) solution of 1-[3-ben- 
zyloxy-1,3,5(10)-estratriene-17p-oxy^2-[4-[p-[bis(2-chloroethyl)amino]phenyl]-butyryloxy]ethane (I-5) drop- 
wise at 0°C. The mixture was heated to room temperature and stirred under hydrogen gas for one hour. The 
reaction mixture was filtered through filter paper while washing with 1,4-dioxane, and the filtrate was concen- 
trated under reduced pressure to produce an oily substance (0.27 g). It was purified by silica gel chromatog- 
55 raphy (hexane/ethyl acetate = 3:1) to obtain 1-[3-hydroxy- 1,3,5(1 0)-estratriene-1 7p-oxy]-2-[4-[p-[bis(2-chlor- 
oethyl)-amino]phenyl]butyryloxy]ethane (0.26 g) (Rf: 0.25, hexane/ethyl acetate = 3:1) as oily substance. 

To a 1,4-dioxane (1 ml) solution of this oily substance, pyridine (0.8 ml) and benzoyl chloride (0.1 ml) were 
added at 0°C and stirred at room temperature for 2.5 hours. The reaction solution was extracted with ethyl 
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acetate (50 ml) and the extract was washed with a saturated saline solution. The washings were dried over 
anhydrous sodium sulfate and concentrated under reduced pressure to produce an oily substance (0.36 g). 
This oily substance was purified by silica gel chromatography (hexane/ethyl acetate = 4:1) to give the objective 
compound (I-6) (0.12 g) as white crystals. 
Yield: 71.1%. 





Elemental analysis, calcd. for C^hUgOsNCIa: 




Found: 


C, 68.87; 


H, 6.84; 


N, 2.12. 


10 


Calcd.: 


C, 69.68; 


H, 6.99; 


N, 1.98. 



15 



Melting point: 11 3.7-1 15.0°C 
1 H-NMR (CDCI 3 , 8 ppm): 0.80 (s, 3H), 1.35-1.57 (m, 8H), 1.93 (m, 2H), 2.21 (m, 2H), 2.36 (t, 2H), 2.58 (t, 
2H), 2.88 (m, 2H), 3.43 (t, 1 H), 3.61 (m, 5H), 3.68 (m, 5H), 4.21 (t, 2H), 6.65 (d ( 2H), 6.92 (s, 1 H), 6.97 (d, 1 H), 
7.08 (d, 2H), 7.32 (d, 1H), 7.50 (t, 2H), 7.63 (t, 1H), 8.19 (d, 2H). 

IR (KBr, v max): 2990 m, 2950 m, 2900 m, 1755 s, 1735 s, 1620 m, 1610 m, 1530 m, 1515 m. 
Rf: 0.48 (hexane/ethyl acetate = 2:1). 

Mass spectrum (m/e): 105 (Ph-CO), 128 (2CH 2 CH 2 CI), 656 (H-CH 2 CI), 705 (M + ). 
20 Example 9 



25 



Toxicity test 

The compounds of the present invention dissolved in sesame oil (containing 3% benzyl alcohol) were each 
administered once intraperitoneally to 6-week-old ICR female mice (average body weight: 25 g) at a dosage 
of 100 mg/kg. The test mice were observed for a period of 7 days after administration of the compounds. No 
death was observed in any case of the compounds. 



40 
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Example 10 



30 



35 



Estrogen action (uterine weight tests) 
The test compounds and estradiol dissolved in sesame oil (containing 3% benzyl alcohol) were each ad- 
ministered once hypodermically to 3-week-old Wistar female rats. 24 hours later, the uterus of each test rat 
was removed and its weight (ratio to the body weight) was measured. From the relation between the uterus 
weight/body weight ratio and the dosage, the compound dosage that gives a uterus weight/body weight ratio 
twice that in the control group was determined. The dosages of the test compounds are shown as a ratio to 
the dosage of estradiol. 3-Benzoyloxy-1 ,3,5(1 0)-estratriene-17p-[4-[p-[bis(2-chloroethyl)amino]phenyl]butyr- 
yloxy]acetate was used as a comparative compound. The results are shown in Table 1. 



55 
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Table 1 



Test compound 


Dosage that gives a uterus wt/body wt ratio twice that in control group (ratio 

to estradiol dosage) 


11-1 


200 


N-2 


>7000 


II-3 


>7000 


1-1 


>7000 


1-2 


>7000 


1-3 


>7000 


1-4 


1400 


1-5 


>7000 


1-6 


>7000 


Comparative compound 


200 



Example 11 



25 Growth inhibiting effect (ICgo) in testosterone-added system using SO-115 cells 

The SC-115 cells were cultured on a 96-well microplate (5,000 cells/well) for 24 hours with a culture me- 
dium (200 iil/well; Ham's F-12/MEM-E (98%), dextran-treated fetal calf serum (2%) and testosterone (1 x 
10- 8 M)). The culture medium was replaced with fresh medium containing the test compound (Ham's F- 
12/MEM-E, bovine serum albumin (0.1%), testosterone (1 x 1 0- 8 M) and test compound of various concentra- 

30 tions). The culture medium was replaced every two days, and culture was continued for 7 days. Thymidine (1 
u.ci/ml, tritium-labeled) was added, and 5 hours later, the culture medium was removed. The cells were washed 
with PBS and then washed twice with ice-cold trichloroacetic acid (10%). Then the cells were dissolved in 0.5N 
sodium hydroxide and neutralized with 0.5N hydrochloric acid. The radioactivity of the neutralized solution was 
measured by a liquid scintillation counter to determine the growth inhibiting effect (IC 50 ). The results are shown 

35 in Table 2. 



Table 2 
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Test compound 


IC50 (nm) 


11-1 


0.2 


II-2 


0.7 


II-3 


1.5 


1-1 


1.2 


I-2 


1.3 


I-3 


0.2 


I-4 


0.8 


I-5 


0.5 


I-6 | 


1.5 


Comparative Compound 


2.6 
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Example 12 

Growth inhibiting effect (IC50) in bFGF-added system using DU-145 cells 
The DU-145 cells were cultured on a 96-well microplate (5,000 cells/well) for 24 hours with a culture me- 
dium (200 uJ/well; Ham's F-12/MEM-E (98%) and dextran-treated fetal calf serum (2%)). Then the culture me- 
dium was replaced with fresh medium containing the test compound (Ham's F-12/MEM-E, bovine serum al- 
bumin (0.1%), bovine pituitary-derived bFGF (1 ng/ml) and the test compound of various concentrations). Cul- 
ture with this medium was continued for 4 days. Thymidine (1 uci/ml, tritium-labeled) was added, and 5 hours 
layer, the culture medium was removed. The cells were washed with PBS and then washed twice with ice-cold 
trichloroacetic acid (10%). Then the cells were dissolved in 0.5N sodium hydroxide and neutralized with 0.5N 
hydrochloric acid. The radioactivity of the neutralized solution was measured by a liquid scintillation counter 
to determine the growth inhibiting effect (IC 50 ). The results are shown in Table 3. 
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Table 3 



Test compound 


IC 50 (JIM) 


II-l 


2.9 


1-1 


4.6 


1-2 


7.8 


1-3 


9.2 


Comparative 
Compound 


ND* 



* Under the experimental conditions, no inhibiting action 
against growth of the cells was observed at the 
concentrations (0.1 to 10 |1M) in the range of measurement, 



35 Example 13 
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45 



Preparation example 


(by weight) 


Compound of the present invention (1-1) 


30 parts 


Mannitol 


35 parts 


Sorbitol 


25 parts 


Carboxymethyl cellulose 


5 parts 


Magnesium stearate 


5 parts 


Talc 


40 parts 



^ The above components were mixed well and the mixture was compressed into 10-mm diameter tablets. 



Claims 

55 1. An estradiol derivative-alkylating agent conjugate of formula (I'): 
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0-(CH2)m Alkylating agent residue 



(T) 



wherein each R 1 is independently alkoxy; R 2 is acyi or benzyl; m is an integer of 1 to 3; and n is an 
integer of 0 to 3. 

A conjugate according to claim 1 wherein the configureation at the 17-position of the estradiol skeleton 
is p. 

A conjugate according to claim 1 or 2 wherein R 2 is benzyl or benzoyl. 

A conjugate according to any one of the preceding claims wherein n is 1 and R 1 is methyl at the 1-position. 
A conjugate according to any one of the preceding claims which is of formula (I): 




p-(CH2)m-OR3-(CH 2 : 



CH2CH2X 



ch 2 ch 2 x 



wherein R\ R 2 m and n are as defined in claim 1; R 3 is carbonyl or methylene; and each X is independently 
hydroxy or halogen. 

A process for preparing the conjugate as defined in claim 5, which comprises reacting an estradiol der- 
ivative of formula (II): 




P-(CH 2 )m-X 



(ID 



wherein R 1 , R 2 , m and n are as defined in claim 5 and X is hydroxy or a salt thereof or halogen, with a 
compound of the formula (III): 



R4-(CH 2 )3 




/ 

\ 



CH2CH2X 



CH2CH2X 



(m) 
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wherein R 4 is carboxy, hydroxy or a salt thereof, halogen, or an ester, acid chloride, acid anhydride or me- 
thyl halide group; and X is as defined in claim 5. 

7. An estradiol derivative of formula (II) as defined in claim 6. 

8. A derivative according to claim 7 wherein the configuration at the 17-position thereof is p. 

9. A derivative according to claim 7 or 8 wherein R 2 is benzyl or benzoyl. 

10. A derivative according to any one of claims 7 to 9 wherein n is 1 and R 1 is methyl at the 1 -position. 

11. A growth inhibiting composition comprising a conjugate as defined in any one of claims 1 to 5 or a deriv- 
ative as defined in any one of claims 7 to 10 and a diluent. 

12. A conjugate as defined in any one of claims 1 to 5 or a derivative as defined in any one of claims 7 to 1 0 
15 for use in a method of treatment of the human or animal body by therapy. 

13. A conjugate as defined in any one of claims 1 to 5 or a derivative as defined in any one of claims 7 to 10 
for use in inhibiting growth of a tumor. 



10 



20 



25 



30 



14. Use of a conjugate as defined in any one of claims 1 to 5 or a derivative as defined in any one of claims 
7 to 10 in the manufacture of a medicament for inhibiting growth of a tumor. 
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